Background-Saphenofemoral junction (SFJ) ligation has been a major component of surgical intervention for varicose veins; however, recurrence occurs in as many as 40%. Neovascularization with reconnection of the venous channels at the transected SFJ has been identified as the major cause of this recurrence. This randomized controlled study sought to evaluate mechanical suppression of neovascularization at the SFJ, with the use of a synthetic patch, to prevent recurrence after ligation surgery. Methods and Results-A total of 389 limbs (from 292 patients) were randomized into either control (SFJ ligation surgery) or patch (SFJ ligation with polytetrafluoroethylene patch of the transected SFJ) groups. All patients underwent clinical assessment, duplex imaging, and air plethysmography studies preoperatively and at 1, 6, 12, and 36 months postoperatively. The patch consistently halved the recurrence rate to 3 years postoperatively in all clinical subgroups.
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More than 90% of recurrent varicose veins are associated with recurrent incompetence at the previously ligated saphenofemoral junction (SFJ). 5 Various suggestions have been made for the cause of this high rate of recurrence, including poor surgical technique, particularly by junior surgeons in training 6 ; anatomic variability and complexity of the SFJ 7 ; and persistent progressive venous disease. 1 However, it is now believed that the most common cause of this recurrence is angiogenesis with new vessel formation and reconnection of the venous channels. This is commonly referred to as neovascularization in the surgical literature and has been demonstrated in several clinicopathological and histological studies. 8 -13 Prevention or inhibition of this form of angiogenesis would be a major step toward reducing the rate of recurrence. Suppression of angiogenesis has generally focused on pharmacological measures with the use of vascular growth factor inhibitors or their receptors. 14 Although this approach has considerable potential, significant potential for adverse side effects also exists, particularly with regard to wound healing. 15 Another possible approach is the introduction of a physical barrier across the site of angiogenic focus to prevent new vessels crossing back and reconnecting the venous system.
The use of a mechanical barrier to prevent angiogenesis has been described in other settings such as the treatment of exudative age-related macular degeneration, 16 in which a macular buckle of Gore-Tex buttonholed through a silicone sponge is used to act as a barrier against the growth of choroidal neovascular membranes. This results in a marked reduction in the rate and degree of visual loss compared with the natural history of the disease. Similarly, Hunziker et al 17 used a Gore-Tex patch to inhibit unwanted neovascular effects of growth factors in full-thickness articular cartilage repair in a miniature pig model.
In varicose vein surgery, the transected and ligated great saphenous vein presents an appropriate setting to test the concept of whether a mechanical barrier can significantly prevent angiogenesis. The occurrence of neovascularization in this situation can be readily monitored by ultrasound. Several studies have suggested that physical inhibition of angiogenesis, at the ligated SFJ, may be effective. The first such report was published well before the biology of angiogenesis was described. In 1978, Sheppard 5 sutured a reflected flap of pectineus fascia over the femoral vein and the saphenous vein stump, thereby physically separating the femoral vein from the plane of superficial veins. Good results were claimed but never well documented. Almost 20 years later, Gibbs et al 18 performed a randomized controlled trial of this procedure involving 40 limbs and failed to demonstrate any benefit. Subsequently, a small number of prospective studies have been conducted, applying various materials to act as a physical barrier at the ligated SFJ site, including Dacron, 8 Gore-Tex, 19 and silicone. 20 -22 The results have been generally favorable, although the designs of these studies have had various significant limitations, including small numbers and short follow-up periods.
A more critical evaluation, in the form of a suitably powered prospective randomized controlled trial, is required to demonstrate the efficacy of mechanical inhibition of SFJ angiogenesis. This article reports on our early findings of a randomized controlled trial of the use of a polytetrafluoroethylene patch as a mechanical suppressant of angiogenesis at the SFJ to prevent recurrence. It also describes both the acute and chronic histological characteristics of the neovascular response to the patch barrier.
Methods

Patients
Patients were a nonselected consecutive group who were referred for varicose vein surgery. All patients gave informed consent for the trial, which was approved by the Otago Ethics Committee. Patients were assessed preoperatively with the use of a standard clinical, etiologic, anatomic, and pathological (CEAP) classification as recommended by the Society for Vascular Surgery and the International Society for Cardiovascular Surgery 23 and the Venous Clinical Severity Score (VCSS). 24 All patients were CEAP clinical score Ն2. General demographics, a clinical evaluation of medical and surgical history, risk factors for venous disease, and other relevant data were recorded. A full venous duplex ultrasound assessment was performed with the use of an ATL 5000 scanner and 7-4 MHz/12-5 MHz linear array probe with color and spectral Doppler modalities (Philips Medical Systems), as detailed elsewhere. 25 Physiological testing with air plethysmography was performed with a digital multichanneled MacLab/8 system (Analog Digital Instruments, Dunedin, New Zealand), as previously described. 12 Independent randomization (by patient) was conducted from a remote site, immediately before commencement of the surgery, in blocks of 10 for each of the 4 participating surgeons, with the use of cards in preprepared sealed envelopes to undergo standard SFJ ligation and great saphenous vein stripping with or without the insertion of a 2ϫ3-cm polytetrafluoroethylene patch (Gore-Tex, WL Gore & Associates, Inc) over the ligated SFJ stump.
Follow-Up
After surgery, all patients were recalled for clinical assessment, duplex imaging, and air plethysmography studies at 1, 6, 12, 36, and 60 months postoperatively. The 5-year follow-up is yet to be done and is not included in this report. Once successful surgical intervention was confirmed by ultrasound, no interventions for recurrence were performed during the 3-year follow-up period.
Study Assessment End Points
Incidence of neoreflux (on duplex scanning) at the previously confirmed obliterated SFJ was the primary end point and constituted the definition of recurrence. Recurrence at the SFJ was recognized on duplex ultrasonography by the reappearance of reflux for Ͼ0.5 seconds at the site of previous surgery first by Valsalva and then by calf augmentation and confirmed on a subsequent reassessment. For Age, body mass index, venous filling index, and ejection fractions are expressed as meanϮ1 SD. Other values are expressed as n (%).
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Valsalva, patients were asked to bear down as hard as possible (rather than simply blow into their cheeks) to maximize their response. Calf augmentation was standardized by the use of a pneumatic compression cuff (6 kg/cm 2 ). Secondary end points included a VCSS(ϪS) Ͼ3, that is, a VCSS excluding the stocking compressive therapy component 24 ; clinical reappearance of varicosities reported by the patient and confirmed at the vascular laboratory follow-up (with the use of the VCSS subscale for varicosities); the number of limbs with active ulceration; and a venous reflux index, venous filling index Ͼ3 mL/s. Other markers of venous disease were also compared including pain, heaviness, swelling, sclerosis, edema, pigmentation, inflammation, and induration (with the use of VCSS subscales as appropriate). Vascular technicians with extensive experience in these types of studies performed all assessments. Both technicians and patients were blinded to the treatment group applied to each limb. The vascular technicians could not reliably determine the presence of a patch in the postoperative setting. The surgeons, while aware of the procedure at the time, did not record this in the clinical record and were unaware of the patient group thereafter and did not participate in the study follow-up assessments of their patients.
All subjects were invited for follow-up evaluation, regardless of preceding recurrence outcome, and no assumptions of continued recurrence were applied. Recurrence rates reported at each time interval are the number of patients who demonstrated recurrence at that specific time divided by all the subjects assessed at the same interval.
Surgery
Standard surgical procedures were performed, consisting of SFJ ligation, great saphenous vein stripping to the knee, ligation of incompetent perforators (marked preoperatively), and multiple stab avulsions. Ligation of the saphenopopliteal junction was performed as required. The patch was secured with a 3-0 Prolene suture at each corner to adjacent tissue to lie comfortably over the stump and the adjacent common femoral vein. Four experienced senior surgeons performed all the surgery. Patients were provided with compression stockings for the postoperative period and were encouraged to mobilize promptly. None of the patients experienced any postoperative complications related to the patch.
Histology
A histological sample of the patch was obtained from a case in which a thigh epigastric vein was mistaken for the SFJ and ligated instead, and a patch was placed over the resulting stump. At the 1-month follow-up, this error was recognized, a decision was made to reoperate, the original patch was removed and used for histological analysis, and a new patch was inserted. The limb was therefore retained in the study, but data pertaining to the initial failed operation were excluded from analysis. In addition, a subject who developed recurrence was recommended for further surgery, at which time a patch was removed 5.5 years after insertion. These specimens were carefully dissected and fixed in 10% formalin before being embedded in paraffin wax and prepared for histology. Sections (4 m thick) were cut and stained with either Verhoeff elastic stain with van Gieson counterstain, phosphotungstic acid hematoxylin, or Hoechst DNA stain and examined on an Olympus BX51 light microscope. Separate dewaxed sections were immunostained for endothelial cells The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Demographics
A total of 292 patients were recruited to the study, giving a total of 389 limbs (195 in the control arm and 194 in the patch (15) Values with parentheses are n (%). Only VCSSϪS and active ulceration rates showed any differences between groups. VCSSϪS values adjusted for baseline scores are shown in Figure 1 .
*PϽ0.05, †PϽ0.03, ‡PϽ0.001 (Mann-Whitney U test); §PϽ0.02 ( 2 test).
van Rij et al Mechanical Inhibition of Angiogenesis
arm) that were assessed preoperatively, operated on according to the randomization protocol, and followed up with at least 1 postoperative assessment at the time of this report. Patient demographics were comparable at baseline between the 2 arms of the study (Table 1) . Limb characteristics in each group were also similar except for the frequency of previous varicose vein surgery and severity of the CEAP and VCSS scores ( Table 1) , although the discrepancy in the latter was found to be entirely attributable to a difference in the swelling and pigmentation subscales.
Patient Withdrawals
A total of 17 patients (20 limbs) withdrew from the study (Table 1) , with comparable numbers and reasons in each group. These all occurred after at least 1 postoperative assessment had been performed, and data pertaining to these limbs up to the time of withdrawal were retained and included in the analysis.
SFJ Recurrence
There was a highly significant reduction in the incidence of ultrasound-detectable SFJ recurrence in the patch group compared with the controls (Table 2) , which was already apparent at 6 months and more so after 1 year (16.3% versus 37.6%; PϽ0.0001). This difference remained at 3 years. If reflux with calf augmentation was the criterion, then recurrence at 1 year was 2.4% versus 10.7% (PϽ0.003), and a 3-fold difference persisted for 3 years (Table 2 ). This apparent benefit of placing a patch of Gore-Tex to mechanically impair neovasculogenesis at the SFJ ligation site was observed irrespective of gender, age, history of deep vein thrombosis, or the presence of deep reflux. More importantly, this effect was observed in limbs with more severe disease as measured by venous filling index and in particular VCSS (Table 3 ) and clinical CEAP (Table 4 ), which were more commonly randomized to the control group. Although those having had previous surgery did not reach statistical significance (Pϭ0.07), at 3 years the trend mirrored the significant difference observed in patients after primary surgery ( Table 5 ).
Secondary End Points
Compared with the ultrasound findings, the clinical impact of the insertion of the patch was much more modest at the 3-year follow-up (Table 6 ). Nevertheless, VCSS scores were significantly lower in patched versus control limbs (Figure 1 ). Other general markers of venous disease including pain, heaviness, swelling, sclerosis, edema, pigmentation, inflammation, and induration (data not shown) also showed some improvement in the patch arm. Although this was not significant at 3 years, follow-up at 5 years may reveal more obvious clinical differences. The physiological measures of venous function were not different at 3 years. The characteristics of limbs that developed SFJ recurrence in both groups were similar, with number of incompetent perforators, deep reflux, and other markers of venous disease elsewhere in the limb being the same.
The presence of a patch did not appear to directly inhibit the neovascular response at the SFJ ligation site. This was apparent histologically at 1 month (Figure 2) , with the patch appearing to separate between 2 distinct neovascular networks, one originating superficially from the wounded subcutaneous tissue (Figure 2A and 2C ) and the other on the deep aspect from the ligated femoral vein stump ( Figure 2B and 2D). There was minimal cellular infiltration and no evidence of vessel penetration into the polytetrafluoroethylene material. All of the channels within these networks immunostained positively for von Willebrand factor. Quantification of 15 consecutive (ϫ20) microscope fields of the tissue surrounding the patch indicated that 61 of 217 vessels (28%) contained CD34-positive cells (Figure 2E and 2F) . The CD34-positive cells were predominantly observed within smaller channels (Ͻ50 m in diameter) and formed both the epithelial lining and mural components of the wall.
In the specimen removed 5.5 years after initial patch placement from a recurrent limb, these networks had persisted, enlarged, and more obviously reconnected around the mechanical barrier ( Figure 3C ) to form recurrent venous channels in continuity with overlying superficial veins (Figure 3A) . These channels were now visible on ultrasound. Although all channels were lined by von Willebrand factorpositive endothelial cells, CD34-positive cells were extremely rare and when observed were present only within small channels Ͻ40 m in diameter.
Discussion
After a previous demonstration that neovascularization of the SFJ is a major cause of recurrence of venous reflux in the groin, 13 this study investigated the use of a polytetrafluoroethylene patch as a mechanical suppressant of angiogenesis at the SFJ to prevent recurrence. This was prompted by mixed reports of benefits in this approach in venous surgery and the absence of any controlled randomized trials. 20 -22,27 The use of mechanical suppression was also more attractive than the use of potent antiangiogenic agents with their associated risks of nonhealing and wound complications. 15 In a study of venous surgery, the choice of end points for recurrence is critical. Clinical, physiological, and ultrasound recurrences are quite different measures. They have different time frames and variability and do not correlate well for early disease. In this study, the primary end point was the demonstration of any reflux by ultrasonography at the site of SFJ ligation, whether reflux was shown by Valsalva or calf augmentation. Valsalva induces reflux earlier through smaller higher-resistance vessels, whereas calf augmentation reflux becomes apparent when the vessels become larger and have lower resistance to reflux. If the definition of reflux is based on calf augmentation, then the 3-year recurrence is considerably less ( Table 2 ). In that instance, the patch also delayed and reduced recurrence by two thirds (from 14.3% to 4.7%; PϽ0.02). At present, it is not clear whether the progression from Valsalva to calf-augmented reflux results in more clinically relevant reflux. Therefore, the demonstration of either form of reflux was chosen as the primary end point at 3 years.
Because this randomized controlled trial was designed with care, it was surprising to observe some differences in baseline demographics between the 2 study arms given the sample size and the fact that randomization was performed in the strictest of terms. There was no obvious explanation for these disparities apart from random chance. Notably, there was a difference between the groups with regard to whether the limb had previously undergone varicose vein surgery and a significant 
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difference with regard to baseline clinical CEAP grades and VCSS. These differences necessitated subgroup analysis to counter any possible influences of these baseline differences. Nevertheless, it was clear that the overall effect of inserting the patch was similar across all subgroups in that the use of a polytetrafluoroethylene patch approximately halved the rate of ultrasound-detected recurrence of venous reflux in the groin. This randomized controlled study has now shown that there is a highly significant decrease in neovascular recurrence at the SFJ when a polytetrafluoroethylene patch is interposed between the ligated vein stump and the overlying soft tissue. The 3-year recurrence was halved, from 46% in the control arm, which is similar to the recurrence rates reported by Fischer et al 2 and Perrin et al 3 and our earlier work, 12 to just 23%. This reduction was apparent as early as 6 months and continued to 3 years. Such a strongly favorable outcome in an adequately powered prospective randomized trial is difficult to discount even with the imbalance of more severely affected limbs in the control group. If only the more severe limbs in each group (baseline CEAP clinical grades 4 to 6) are compared, then the recurrence after the use of the patch is reduced by Ͼ60%. Similarly, 3-year clinical severity scores (adjusted for baseline scores) were significantly reduced in patch-treated limbs.
Functional physiological air plethysmography values, in particular the measures of reflux, changed dramatically with surgery in both groups from before surgery to after surgery, and although such tests are useful in determining the severity of reflux and the immediate response to surgery, 28 they do not appear to be sufficiently discriminatory to be useful in monitoring postoperative outcome in the following months. A more complete set of results in the longer future may yet, however, reveal some physiological differences between the 2 groups.
Vascular corrosion casts indicate that the neovascular channels associated with SFJ recurrence originate from both the ligated stump of the femoral vein and the surrounding connective tissues within the surgical wound. 13 The histological observations of the 2 tissue specimens recovered from patch-treated limbs in this study support this view, with 2 distinct networks being observed on either side of the patch at 1 month postoperatively. These vessels had a primitive structure, lacking distinct tunica and associated elastic tissue. Many of the newly formed channels surrounding the patch removed after 1 month contained CD34-positive cells, indicating the possible involvement of circulating vascular progenitors in the formation of these networks. 26, 29, 30 Although the polytetrafluoroethylene patch appeared to at least halve the rate of ultrasound-detected SFJ recurrence, it is interesting to note that Ϸ20% of patch limbs still developed SFJ-associated reflux. The patch specimen removed from a patient Ͼ5 years postoperatively provides a valuable insight into the probable mechanism of the reflux within the polytetrafluoroethylene patch group. Vessels were observed, by both ultrasound and histology, that originated at the femoral vein ligation site (mid posterior surface of the patch) and extended toward and around the patch margin. These in turn formed connections with vessels on the anterior surface extending to the superficial veins. It is clear that in a subset of patients, neovascularization can circumvent the presence of a physical obstruction in the form of a synthetic patch. That the Note the recurrence of channels from the ligated vein stump (*), which run along the posterior surface of the patch to its margins. By histology (C), the inferior surface of the patch is shown (approximately matching the region between the arrows in A and B). Note the numerous large (100-to 300-m-wide) vessels (*) running between the patch and remnants of the femoral vein adventitial elastic tissues (stained black, toward the bottom of the image). Toward the mid patch region (C, left side), there was no clear pattern of vessel orientation, whereas at the patch periphery the vessels appeared to align perpendicular to the patch edge. These vessels formed communications with a network of similar-sized channels within the connective tissue overlying the anterior surface of patch. Verhoeff elastic stain and van Gieson counterstain. Scale barϭ500 m (C).
formation of this more tortuous path delays the appearance of ultrasound-detectable reflux is suggested by the relative "catch up" between the 6-and 12-month follow-ups. The functional importance of these vessels circumventing the patch may only become clear with longer follow-up. Although they remain multiple and small, reflux will be modest and less likely to be associated with severe venous insufficiency in later years. 28 Other measures that increase the distances to achieve neovascular reconnection, such as stripping of the great saphenous vein, also reduce clinical recurrence. 31 In the meantime, it is encouraging to note that the overall VCSS of patched limbs was significantly lower than that of nonpatch limbs at 3 years.
We conclude that the reduction in both disease severity and progression occurs as a direct result of the interference of the polytetrafluoroethylene patch in the formation of a refluxing neovascular network at the site of SFJ ligation.
We are aware that the placement of a foreign body has the added risk of infection or misplacement. This complication has been recorded with silicone used as the patch 27 ; silicone should therefore be avoided, and the use of polytetrafluoroethylene, in which this complication has not yet been described, should be preferred. Other approaches to reducing the neovasculogenic response at the SFJ have included occlusion of the lumen of the refluxing great saphenous vein with the use of endovenous procedures that avoid the transection of the vein. Early results seem promising with laser or radiofrequency but not with sclerosants, whether liquid or foam. [32] [33] [34] This study is the largest and most thorough of its kind, and these results at 3 years show that use of a polytetrafluoroethylene patch of suitable size is an effective mechanical suppressant of neovascularization at the SFJ and can be safely used to improve long-term outcome of varicose vein surgery. Use of a polytetrafluoroethylene patch is therefore the only method thus far proven clinically in a large randomized trial to improve neovascular SFJ recurrence as an outcome of varicose vein surgery.
